Abstract microRNAs (miRNAs) are evolutionarily conserved, endogenous, small, noncoding RNA molecules of about 22 nucleotides in length that function as posttranscriptional gene regulators. They are deemed to play a crucial role in the initiation and progression of human cancer, and those with a role in cancer are designated as oncogenic miRNAs (oncomiRs). For example, miR-15 and miR-16 induce apoptosis by targeting Bcl2. miRNAs from the miR-17-92 cluster modulate tumor formation and function as oncogenes by influencing the translation of E2F1 mRNA. miR-21 modulates gemcitabine-induced apoptosis by phosphatase and tensin homolog deleted on chromosome 10-dependent activation of PI 3-kinase signaling. miR-34a acts as a suppressor of neuroblastoma tumorigenesis by targeting the mRNA encoding E2F3 and reducing E2F3 protein levels. The chromosomal translocations associating with human tumors disrupt the repression of High mobility group A2 by let-7 miRNA. In addition, the oncomiRs expression profiling of human malignancies has also identified a number of diagnostic and prognostic cancer signatures. This article introduces the roles of oncomiRs in neoplasm development, progression, diagnosis, prognostication, as well as their mechanism of actions on target mRNAs and the functional outcomes of their actions on mRNAs. The paper ends with a brief perspective to the future of oncomiRs.
Introduction microRNAs (miRNAs) are evolutionarily conserved, endogenous, small, noncoding RNA molecules of about 22 nucleotides in length that function as posttranscriptional gene regulators [1] . They are encoded in the genome and are generally transcribed by RNA polymerase II. miRNAs work via RNA-induced silencing complexes, targeting them to messenger RNAs where they either repress translation or direct destructive cleavage [2] . Recent evidences have shown that miRNAs have diverse functions, including the regulation of cellular development, differentiation, proliferation and apoptosis. The first miRNA was described in 1993, in which the C. elegans heterochronic gene lin-4 encoded small RNAs with antisense complementarity to lin-14 [3] . It is estimated that vertebrate genomes encode up to 1,000 unique miRNAs [4] , which are predicted to regulate expression of at least 30% of genes [5] . Though more than 530 miRNAs have been identified in human, much remains to be understood about their precise cellular function and role in the development of diseases. Recent evidences indicate that miRNAs can function as tumor suppressors and oncogenes, and the miRNAs with a role in cancer are designated as oncogenic miRNAs (oncomiRs). This article introduces the roles of oncomiRs in neoplasm development, progression, diagnosis, prognostication, as well as their mechanism of actions on target mRNAs and the functional outcomes of their actions on mRNAs.
microRNAs experiment
miRNA microarray is a high-throughput approach to study the expression of miRNAs in cultured cells or tissues. Unlike the traditional cDNA microarray expression profiling, RNA samples used for miRNA microarray hybridization need to be enriched for small RNAs. Usually, the first step of a miRNA microarray experiment is the isolation of total RNA and the enrichment or direct isolation of small RNA. The miRNAs are then labeled and cleaned-up, following with miRNA hybridization to arrays spotted with miRNA probes. After washes and scanning, the differential miRNAs are identified. Subsequent validation is recommended using Northern blot, quantitative reverse transcription-polymerase chain reaction (qRT-PCR), or other analytical methods. The recent development of highly efficient labeling method and novel microarray probe design enable direct label as low as 120 ng of total RNA using Cy3 or Cy5, without fractionation or amplification, to produce precise and accurate measurements that span a linear dynamic range from 0.2 amol to 2 fmol of input miRNA. The assay is also applicable for formalin-fixed paraffin-embedded samples [6] .
microRNAs and cancers
It has been reported that miRNAs play a crucial role in the initiation and progression of human cancer. Deregulation of oncomiRs is associated with genetic or epigenetic alterations, including deletion, amplification, point mutation and aberrant DNA methylation [7] . Their expression profiling of human malignancies has identified signatures involving in cancer development, progression, diagnosis and prognosis (Table 1 ).
The role of microRNAs in tumorigenesis
Calin et al. first made the connection between microRNAs and cancer by showing that miR-15 and miR-16 are located at chromosome 13q14, a region deleted in more than half of B-cell chronic lymphocytic leukemia (CLL). Detailed deletion and expression analysis showed that miR-15 and miR-16 are located within a 30 kb region of loss in CLL, and that both genes were deleted or downreg- [39] . Akao et al. found that the levels of Ras and c-Myc proteins in let-7 miRNA low-expressing DLD-1 human colon cancer cells were lowered after the transfection with let-7a-1 precursor miRNA, whereas the levels of both of their mRNAs remained almost unchanged. Their findings suggested the involvement of let-7 miRNA in the growth of colon cancer cells [40] . Meng et al. demonstrated that let-7a miRNA was upregulated and contributed to the survival effects of enforced Interleukin-6 activity in malignant human cholangiocytes. It contributed to the constitutively increased phosphorylation of the signal transducers and activators of transcription-3 factors by a mechanism involving neurofibromatosis 2 [41] . Brueckner et al. showed that the human let-7a-3 precursor miRNA on chromosome 22q13.31 was associated with a CpG island. They identified let-7a-3 precursor miRNA as an epigenetically regulated miRNA gene in lung adenocarcinomas with oncogenic function and suggested that aberrant miRNA gene methylation might contribute to the human cancer epigenome [42] .
Mayr et al. reported that the chromosomal translocations associating with human tumors disrupted the repression of High mobility group A2 (Hmga2) by let-7 miRNA. They found that the loss of miRNA-directed repression of an oncogene provided a mechanism for tumorigenesis, and disrupting a single miRNA-target interaction could produce an observable phenotype in mammalian cells [43] . Lee and Dutta also demonstrated that ectopic expression of let-7 miRNA reduced Hmga2 and cell proliferation in lung cancer cell. Their results suggested that some tumors activated the oncogene through chromosomal translocations that eliminated the oncogene's 3' untranslated region with the let-7 miRNA target sites [44] . Hebert et al. reported that Hmga2 expression in head and neck squamous cell carcinoma cells was regulated in part by miR-98. They showed that the transfection of pre-miR-98 during normoxia diminished Hmga2 and potentiate resistance to doxorubicin and cisplatin. Their findings implicated the role of miR-98 as a key element in modulating tumors during hypoxia [45] .
Stem cells have the ability to escape cell cycle stop signals, which are similar to cancer cells. On the basis of cell cycle markers and genetic interactions, Harfield et al. reported that dicer-1 mutant germline stem cells were delayed in the G1 to S transition, which was dependent on the cyclindependent kinase inhibitor dacapo, suggesting that miRNAs were required for stem cells to bypass the normal G1/ S checkpoint. The miRNA pathway might be part of a mechanism that made stem cells insensitive to environmental signals that normally stop the cell cycle at the G1/ S transition [46] .
The role of microRNAs in cancer diagnosis
Lu et al. used a bead-based flow cytometric miRNA expression profiling method to present a systematic expression analysis of miRNAs from human cancer samples, including colon, liver, pancreas and stomach cancers. The miRNA expression profiles were able to successfully classify poorly differentiated tumors. Their findings highlighted the potential of miRNA profiling in cancer diagnosis [47] .
Analyzing the entire miRNAome in pituitary adenomas and in normal pituitary samples by microarray and RT-PCR, Bottoni et al. showed that miRNA expression could differentiate micro-from macro-adenomas and the treated from non-treated patient samples. Several miRNAs were involved in cell proliferation and apoptosis. Predictive miRNAs could be potentially useful diagnostic markers, improving the classification of pituitary adenomas [48] .
With the application of in situ RT-PCR, Lee et al. showed that the aberrantly expressed miR-221, miR-301 and miR376a were localized to pancreatic cancer cells but not to stroma or normal acini or ducts. Aberrant miRNA expression offered new clues to pancreatic tumorigenesis and might provide diagnostic biomarkers for pancreatic cancer [49] .
The role of microRNAs in cancer prognosis
Takamizawa et al. reported that expression of let-7 miRNA was frequently reduced in human lung cancers, and that reduced let-7 miRNA expression was significantly associated with shorter postoperative survival. In addition, overexpression of let-7 miRNA in A549 lung adenocarcinoma cell line inhibited lung cancer cell growth in vitro. Their study reported the potential clinical and biological effects of let-7 miRNA alteration [50] . Yanaihara et al. identified miRNA expression profiles which could discriminate lung cancers from noncancerous lung tissues as well as molecular signatures that differed in tumor histology. High hsamiR-155 and low hsa-let-7a-2 precursor miRNA expression were found to be correlated with poor survival of lung adenocarcinomas. Their results indicated that miRNA expression profiles were not just diagnostic markers, but also prognostic markers of lung cancer [51] .
Roldo et al. showed that the overexpression of miR-21 in pancreatic tumors was strongly associated with both high Ki67 proliferation index and the presence of liver metasta-sis. Their results suggested that the alteration in miRNA expression was related to progression of malignancy [25] . On the other hand, Bloomston et al. compared the expression pattern of miRNAs in pancreatic cancer with those of normal pancreas and chronic pancreatitis using miRNA microarrays. Differentially expressed miRNAs were identified which could differentiate pancreatic cancer from normal pancreas, chronic pancreatitis, or both. High expression of miR-196a-2 was found to predict poor survival [52] .
Perspective
Discovery of the role of miRNAs in various pathological processes has opened up possible applications in molecular diagnostics and prognostics, particularly for cancer. Some miRNAs are controlled by epigenetic alterations in cancer cells, including DNA methylation and histone modification. Using chromatin modifying drugs to activate tumor suppressor miRNAs can regulate target oncogenes, and it may lead to novel cancer therapies in the future. miRNAs can complement other genomic and proteomic biomarkers for cancer diagnosis and prognosis [53, 54] . Although each miRNA can control hundreds of target genes, it remains a great challenge to identify the accurate miRNA targets for cancer research. On the other hand, as stem cells can regenerate and develop into many different cell types in the body, they are always a focus of intense research interest. It has been reported that miRNA pathway plays a regulatory role in stem cell division, whether this mechanism will contribute to prevent and treat cancer will be worth studying [55] .
The Nobel Prize in Physiology or Medicine 2006 was awarded to Andrew Fire and Craig Mello for their discovery of RNA interference (RNAi) -gene silencing by double-stranded RNA. Since regulatory trans-acting antisense RNAs has been found to exist in several species, posttranscriptional regulation of genes is no longer regarded as an odd regulatory mechanism. miRNAs repress their target mRNAs by complementary base pairing and induction of the RNAi pathway. The discovery of hundreds of miRNAs has raised the overall field of biomedical RNAi to a striking level of the current recognition. Attention has been focused on the study of antisense oligonucleotide approaches to inhibit miRNA function and small interfering RNA-like technologies for the replacement of miRNAs. Scientists try to unravel the mystery of miRNA biology and explore its potential as therapeutic agents. Large high-throughput studies in patients have revealed that oncomiRs profiling can classify cancers and predict patient outcomes with high accuracy. High-throughput target analysis combining genomics, miRomics and proteomics might help delineating the spectrum of targets that are regulated by miRNAs. New knowledge about the functional roles of oncomiRs is revolutionizing cancer biology and will open up new opportunities in biomedical research.
